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ABSTRACT 

This study probes in what ways the teacher and students 
create unequally successful student-centered mathematics classrooms and what 
kinds of learning opportunities arise for the students in these classrooms. A 
general guideline to the understanding of mathematics classroom culture is an 
emergent theoretical framework that fits well with the reform agenda for 
instruction. Findings of mathematics teaching and learning in five different 
classrooms, importance of sociomathematical norms, and implications for 
reform in mathematics education are discussed in this report. (KHR) 
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Background to the Study 

Educational leaders have sought to change the prevailing teacher-centered pedagogy of 
mathematics to a student-centered pedagogy (NCTM, 1989, 1991, 2000). The term 
teacher-centered refers to a teacher’s explanations and ideas constituting the focus of classroom 
mathematical practice, whereas the term student-centered refers to students’ contributions and 
responses constituting the focus of classroom practice. Instead of listening and following a 
teacher’s instmction, the students in a reform-oriented classroom are expected to have the 
opportunity to be enculturated into a mathematical discourse in which they invent, explain, and 
justify their own mathematical ideas and critique others’ ideas. 

The reform movement has been successful in marshaling large-scale support for 
instructional innovation, and in enlisting the participation and allegiance of large numbers of 
mathematics teachers (Knapp, 1997). In contrast to the widespread awareness of reform, there 
has been a growing concern that many teachers have not grasped the vision of the current reform 
ideas (Kirshner, 2002; Research Advisory Committee, 1997). Teachers often interpret reform as 
a new list of teaching strategies and materials, rather than regard the reform as a way to 
re-conceptualize their understanding of mathematics and its teaching. They too easily adopt new 
teaching techniques such as the use of real-world problems or cooperative learning, but without 
reconceptualizing how such a change in teaching strategies relates to fostering students’ 
conceptual understanding or mathematical dispositions (Burrill, 1997; Stigler & Hiebert, 1998). 
This is true even for teachers who are committed to implementing reform recommendations 
(Fennema & Nelson, 1997; Lamport, 2001). The real issue is then to understand not the form but 
the quality of an instmctional method - What kinds of mathematical and social exchanges occur 
and in what ways such changes promote students’ mathematical development? 

Korean students have consistently demonstrated superior mathematics achievement in 
recent international comparisons (e.g., Beaton et al, 1996; Millis et al, 2000). Despite the high 
performance, the problems in Korea with regard to mathematical education are perceived to be 
similar to those in other countries. Such problems include learning without deep understanding, 
negative mathematical disposition, weak problem solving ability, and lack of creative 
mathematical thinking. These problems may come from many factors associated with legal and 
cultural aspects of Korean society, and hence present no immediate prospects for change. 
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However, teacher-centered instructional methods have been critiqued and broad-scale efforts 
have been launched to influence the ways mathematics is taught. The most recent national 
curriculum and concomitant textbooks with teachers’ guidebooks consistently recommend 
student-centered teaching methods (Ministry of Education, 1997). 

Whereas typical teaching practices in U.S. mathematics classrooms have been 
extensively studied through microanalysis of video-recordings of mathematics instmctions, those 
of Korean mathematics classrooms have been little studied in the international contexts. An 
exceptional study conducted by Grow-Maienza, Hahn, and Joo (1999) reports: 

Teacher behaviors are dominated by question/answer patterns and demonstration of operations in 
many modes and patterns which lead students through the procedures and conceptual 
development of the problem, at the same time facilitating student thinking. Student behavior is 
characterized by choral responses and choral evaluation of individual responses which keep 
students on task. (p. 6) 

Given the challenges of implementing reform ideals, this study deals with 
reform-oriented classrooms, not typical ones. Moreover, this study is to understand better the 
processes that constitute student-centered pedagogy in elementary mathematics classrooms in 
Korea. However, this study makes a significant departure from previous research trends on 
reform where single reform-oriented classroom is extensively studied (e g.. Ball, 1993; Cobb & 
Bauersfeld, 1995). Close contrasts and comparisons of unequally successful student-centered 
classes have rarely been conducted in previous research on reform (cf. Carpenter, Franke, Levi, 
1998; Pang, 2000). Such comparisons can provide a unique opportunity to reflect on the subtle 
but important problems and issues of implementing educational reform at the classroom level. 
This study is intended to gain insights on the challenges for reformers — including educators, 
policymakers, administrators, and educational researchers — in changing the culture of primary 
level mathematics instruction. 

Theoretical Framework 

This study probes in what ways the teacher and students create unequally successful 
student-centered mathematics classrooms and what kinds of learning opportunities arise for the 
students in these classrooms. A general guideline to the understanding of mathematics classroom 
culture is an “emergenf ’ theoretical framework Cobb and his colleagues developed that fits well 
with the reform agenda for instruction (Cobb & Bauersfeld, 1995). In this perspective, 
mathematical meanings are neither decided by the teacher in advance nor discovered by students; 
rather they emerge in a continuous process of negotiation through social interaction. 

^ There may be differences between Korean and the U.S. mathematics instruction under the same mbric 
“teacher-centered.” For instance, typical Korean teachers orchestrate their teacher-centered lessons more 
systematically, coherently, completely, and progressively than U.S. counterparts do (Grow-Maienza, 

Hahn, & Joo, 1999). It is very noticeable in comparison with U.S. students that Korean students are 
deeply engaged in teacher-centered lessons and enthusiastically provide choral responses. However, 
Korean mathematics instruction is indeed teacher-centered in the same way to U.S. instruction in that 
teachers’ explanations and directions constitute the mainstream of mathematical practices. 



Along with the emergent perspective, two constructs of social norms and 
sociomathematical norms are mainly used to characterize each mathematics classroom. General 
social norms are the characteristics that constitute the classroom participation structure. They 
include expectations, obligations, and roles adapted by classroom participants as well as gross 
patterns of classroom activity (Cobb & Yackel, 1996). For example, the general social norms in a 
student-centered classroom include the expectation that students invent, present, and justify their 
own solution methods. 

Sociomathematical norms are the more fine-grained aspects of these general social norms 
that relate specifically to mathematical practices (Yackel & Cobb, 1996). The examples of 
sociomathematical norms have included the norms of what count as an acceptable, a justifiable, 
an easy, a clear, a different, an efficient, an elegant, and a sophisticated explanation (Bowers, 
Cobb, &. McClain, 1999; Cobb, Gravemeijer, Yackel, McClain, & Whitenack, 1997; Yackel &. 
Cobb, 1996). For instance, the sociomathematical norms in a student-centered classroom may 
include the expectation that students are to present their solution methods by describing actions 
on mathematical objects rather than simply accounting for calculational manipulations. 

The construct of sociomathematical norms is intended to capture the essence of the 
mathematical microculture established in a classroom community rather than its general social 
structure (Yackel &. Cobb, 1996). The differentiation of sociomatheamtical norms from general 
social norms is of great significant because interest is given to the ways of explicating and acting 
in mathematical practices that are embedded in classroom social structure. However, previous 
studies tend to briefly document sociomathematical noms (and social norms) mainly as a 
precursor to the detailed analysis of students’ conceptual learning established in the classroom 
community (Pang, 2001). 

Given the challenges of implementing reform ideals, the sociomathematical norms 
construct can be critical in understanding whether or not reform-oriented teachers use classroom 
social structure effectively to develop students’ mathematically significant beliefs and values and 
to enhance their conceptual understanding of mathematics. In this respect, this study pursues the 
possibility that the breakdown between teachers’ adoption of reform objectives, and their 
successful incorporation of reform ideals implicates the sociomathematical norms that become 
established in their classrooms. 

Methodology and Procedures 

This study is an exploratory, qualitative, comparative case study (Yin , 1994) using 
constant comparative analysis (Glaser &. Strauss, 1967; Strauss &. Corbin, 1998) for which the 
primary data sources are classroom video recordings and transcripts (Cobb & Whitenack, 1996). 
The data used in this paper are from a one-year project of reform in elementary schools in Korea. 
As a kind of purposeful sampling (Patton, 1990), the classroom teaching practices of 15 
elementary school teachers eager to align their teaching practices to reform were preliminary 
observed and analyzed. An open-ended interview with each teacher was conducted to investigate 
his or her beliefs on mathematics and its teaching. This extensive search was needed, given the 
recency of the reform recommendations, and the infrequently of teachers’ explicitly advocating 
reform allegiances. 
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Five classes from different schools were selected that clearly aspired to student-centered 
classroom social norms. Two mathematics lessons per month in each of these classes throughout 
the year were videotaped and transcribed. Individual interviews with the teachers were taken 
three times to trace their construction of their teaching approaches. These interviews were 
audiotaped and transcribed. 

Additional data were from monthly inquiry group meetings in which the teachers 
watched together their videotaped teaching practices and discussed mathematics, curriculum, and 
pedagogy. The purpose of the inquiry meetings was not to tell what student-centered teaching 
practices looked like from outsiders’ perspectives, which might lead the participants to pick up 
some specific teaching techniques. Instead, the meetings were intended to serve as an inquiry 
community in which the teachers might look closely at their own teaching practices as well as 
others and treat them as generative materials for interpretation and interrogation toward 
reform-oriented instruction. In general, the interview and inquiry group data were to understand 
the successes and difficulties that might occur in the process of changing the culture of 
mathematics classrooms, as well as the recursive relationship among the teachers’ learning, 
beliefs, and classroom teaching. 

Data analyses have two stages: Individual analysis of each classroom and comparative 
analysis. Because case study should be based on the understanding of the case itself before 
addressing an issue or developing a theory (Stake, 1998), teaching practices are very carefully 
scmtinized in a bottom-up fashion. The central feature of these analyses is to compare and to 
contrast preliminary inferences with new incidents in subsequent data in order to determine if the 
initial conjectures are sustained throughout the data set (Erickson, 1986; Glaser & Strauss, 1967). 
Next, the data from the individual classes are employed for comparisons among the unequally 
successful reform instruction. 

Results 



A preliminary analysis shows that the five classrooms display similar general social 
norms that are compatible with current reform recommendations (Ministry of Education, 1997; 
NCTM, 2000). The teachers established open and permissive atmosphere in which students’ 
ideas and their mistakes were welcomed. The classes were dynamic in that students actively 
responded to the teacher and one another. The teachers frequently used a small group format and 
emphasized group cooperation. They also provided encouragement and positive expectations for 
the students’ accomplishments. The discussion pattern of social interaction predominated with a 
sequence of teacher-student turn taking. Moreover, each lesson consistently consisted of the brief 
review of the previous lesson, the teacher’s introduction of new mathematical contents or 
activities, students’ activities, and whole-class discussion. Three among the five classes are 
described below in order to focus on the difficulties and successes of the teachers, and to 
formulate issues and obstacles that may point toward generic problems of reform. The three 
teachers are identified as Ms. S, Ms. Y, and Ms. K. Whereas Ms. S was grade teacher, the 
other two teachers were 6‘*' grade ones. 
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Mathematics Teaching and Learning in Ms. S’ Classroom 



In many ways, Ms. S encouraged students’ participation in the classroom mathematics 
activities and discussions. For instance, she lavished praise and positive expectations on the 
students, informed them of the interesting history of relevant mathematical topics, and 
emphasized various solution methods to a given problem. Among other things, she gave students 
many opportunities to solve problems individually or collectively and to present their methods to 
the class. She often allowed them to spend a lot of time in solving and discussing one problem. 
For instance, throughout two class periods, Ms. S encouraged students to come up with multiple 
ways of figuring out the area of a trapezoid on the basis of their prior knowledge of other figures. 
She prevented students from applying the memorized formula of the area. Reflecting Ms. S’ 
practices, the students were eager to present their own thinking and solution methods. 

In many cases, however, the content and qualities of the classroom discussion were rather 
unfocused or unproductive because Ms. S tended to accept all students’ contributions without 
any mathematically significant distinctions or connections. To be clear, in some cases, Ms. S 
expressed her mathematical interest but those cases were somewhat infrequent. In solving 2.4 
divided by 2, a student drew 2 longs and 4 units, and colored half of them (i.e., 1 long and 2 
units), explaining “because it’s 2.4 divided by 2, when you divide 2 [longs], you get two of 1 
long each. Because it’s 2.4, you still have the 4 [units]. When you divided them by 2, you get 2 
[units] each so I colored only two of the four.” Ms. S immediately paid attention to the size of 
longs and units, pointing out that the student should have written 0.4 instead of 4 for the picture 
of 4 units, because she regarded the long as 1 instead of 10. Ms. S took this opportunity to 
emphasize that mathematics should be accurate. However, she did not connect the diagram with 
the numerical expression of 2.4 2 = (2 2) + (0.4 2) = 1 + 0.2 = 1.2, presented by another 

student, nor with the standard algorithm of long division she emphasized later. Ms. S appeared to 
be satisfied with the feet that her students solved the problem in various ways and reached at the 
correct answer with adequate language. 

In other cases, Ms. S listened to students’ various contributions but usually turned out to 
control the classroom discussion directing it towards a particular orientation by expressing her 
expectation of what students would present. This often led the students to guess the teacher’s 
expectations rather than to pursue their own understanding. 

Although Ms. S emphasized various solution methods and representational modes, she 
frequently checked whether such methods produced the same correct answer and rarely probed 
the nature of students’ understanding or ideas. For instance, when asked to find out solution 
methods of 12.48 divided by 8 using diagrams, fractions, and/or division algorithms of natural 
numbers (i.e., 1248 divided by 8), a student drew a line with the length of 12.48 and divided it 
into 8 segments with the length of 1.56 each. The student explained that she first drew a line of 
12.48 and then divided it into 8. Ms. S checked the right answer 1.56 but did not probe how the 
student figured out the answer (e g., whether the student used the diagram in order to figure out 
the quotient or calculated numerically and then represented it in the diagram.) In general, there 
was little discussion of why different methods worked, how they were related to each other, or 
even why different methods were important to study. 

Whereas the students were actively involved in classroom mathematical activities, they 
had little chance to develop the mathematical understandings that could inform their activities. 



They had limited learning opportunities with regard to the transition from informal to formal 
strategy of doing computation or understanding mathematical principles. The important 
sociomathematical norms of this class were concerned with mathematical accuracy. 

Mathematics Teaching and Learning in Ms. Y’s Classroom 

Ms. Y was the teacher who experienced gradual but dramatic changes in her teaching 
practice. She was eager to participate in the project, revealing her interest in student-centered 
teaching practice. To be clear, the preliminary observation of her instruction illustrated that her 
general teaching approaches would be consistent with the current reform ideas, evidenced by the 
general common social norms described above. However, she was very concerned about going 
through all the activities and problems in the textbook. At first, she faithfully followed the 
sequence of activities in the textbook, not necessarily recognizing the interrelations among them. 
The students complied with the teacher’s instruction and had little opportunity to develop their 
own thinking. 

A noticeable change in Ms. Y’s teaching practice occurred after she had an opportunity to 
see another teacher Ms. K’s instruction in the first inquiry group meeting. Because the two 
teachers were 6^'’ grade teachers, Ms. Y could see more directly how teachers’ different 
approaches even with the same contents and materials would result in different learning 
environment on the part of students’ mathematical development. In particular, Ms. Y expressed 
her excitement about the variety and the depth of the students’ mathematical ideas and thinking 
in Ms. K’s classroom. In the inquiry meetings, Ms Y was very active in discussing Ms. K’s 
teaching practices with her students’ learning. 

Instead of relying heavily on the textbook, Ms. Y started to develop a worksheet intended for 
students to explore important mathematical ideas. She allowed students more time to develop 
their own sense-making and to explain their thinking to the class. For example, in the lesson 
about the relationship between the circumference and the diameter of a circle, Ms. Y encouraged 
the students to think about how to measure circumferences and to find out the relationship 
between circumferences and diameters with various circles. Ms. Y was enthusiastic to share her 
teaching experience with exemplary students’ work in the subsequent inquiry meetings. 

Ms. Y indeed asked for different solution methods to a given problem or activity. She then 
frequently facilitated students to compare and contrast similarities and differences among the 
various methods. Meanwhile she differentiated mathematical differences (e g., difference of 
mathematical principles applied to solve a problem) from physical or visual differences (e g., 
difference of materials or representational modes used). 

Despite the promising transition toward more successful student-centered teaching practices, 
Ms. Y had some difficulties when students reacted anxiously to the uncertainty associated with 
the given activity or they did not come up with a specific idea that the teacher thought was 
important. In those cases, Ms. Y provided a crucial hint that might change the nature of the given 
task or introduced her own solution strategies, instead of letting students invent them. In addition, 
Ms. Y was not sure of how to react to students’ novel ideas except praise. She was also 
frequently struggled with how to balance the encouragement of students’ conceptual 
development and the teaching of efficient procedures such as standard algorithms. After listening 
to students’ various solution methods, Ms. Y usually ended her lessons by summarizing or 
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formulating the most efficient one and implied the students to use it in solving problems for 
practice. 

Mathematics Teaching and Learning in Ms. K’s Classroom 

Ms. K was more successful teacher than Ms. Y in that she consistently developed 
mathematically significant agendas in the course of supporting students’ engagement and 
discussion. Because almost all Korean teachers use the reform documents such as mathematics 
textbooks and teachers’ guidance books as the main instructional resources (Kim et al, 1 996), Ms. 
K employed a lot of the same activities as what Ms. Y did. However, Ms. K tended to focus on 
one or two activities that were mathematically important and gave students enough time to 
develop and discuss their own ideas. Unlike Ms. Y, Ms. K was very confident in re-constructing 
the activities or their sequences in the textbook for her instructional purpose. For example, when 
the textbook introduced a basic idea of permutations and provided many problems for practice, 
Ms. K spent considerable time in differentiating permutations from combinations with real-life 
contexts, rather than checking the correct answers of the problems. 

Ms. K’s mathematical interest was also evident in facilitating the whole class discussion 
after the individual or collective problem solving. Ms. K carefully observed students’ work and 
picked out mathematically insightful contributions for presentation. She encouraged students to 
present their solution methods but had a tendency of filtering their multiple ideas to pursue 
mathematically significant ones, rather than applauding all contributions equally. She often 
posed a more challenging problem based on students’ contributions. In this way, the quality of 
mathematical discourse in Ms. K’s class was much more sophisticated and powerful than that of 
Ms. Y’s class. 

Ms. K usually explained in detail what the given problem or activity was about and made 
sure whether or not the students understood it. She also explained what the students should think 
about during the activity phase, rather than letting them to experience unfocused exploration or 
retrospective review of the activity. For example, in the lesson about the ratio of the 
circumference of a circle to its diameter, Ms. K pushed the students to identify the variants and 
invariants as the sizes of circles varied and to be ready to explain and justify what they 
discovered throughout the activity. This prevented students from simply stating the fact that the 
circumference of a circle divided by its diameter is about 3.14, which might have been known to 
most students because of their preparation of the lesson. 

Of special importance in Ms. K’s class was the connection between visual representations 
and numerical representations. Like the other teachers, Ms. K called for various solution methods 
to a given problem. Students often solved the problem by drawing a diagram and Ms. K 
consistently asked them to add an appropriate numerical expression to the diagram. This enabled 
students to see the meaning of complex computations such as the division of mixed fractions or 
that of a fraction by a decimal. In these ways, the students had the learning opportunities to 
construct conceptual underpinnings of the mathematics they were studying, even as they were 
continually exposed to mathematically significant ways of knowing, valuing, and arguing. 




Discussion 



Importance of Sociomathematical Norms 



Despite the exemplary form of student-centered instruction, the content and qualities of 
the teaching practices described above were somewhat different in the extent to which students’ 
ideas become the center of mathematical discourse and activity. The students in Ms. S’ 
classroom actively participated in the classroom activity and discourse but had limited 
opportunity in terms of developing the conceptual sense of the mathematics they were studying. 
In order words, the class has developed a reasonable discourse structure, but one that does not 
reflect the culture of mathematical inquiry. In contrast, Ms. Y and Ms. K carefully orchestrate 
the path of discourse towards conceptual understanding, leading the students to be continually 
exposed to mathematically significant distinctions in their classroom microculture. This clearly 
shows that learning opportunities within the three classrooms were very much constrained not by 
the classroom participation structure per se but by the mathematically significant engagements 
within the structure. In other words, the dynamic engine of learning opportunities was not 
located in the general social norms of the classroom. Rather learning opportunities arose from 
the ways in which mathematically significant distinctions were embedded within classroom 
social processes. In line with many commonalities in the challenges of reforming mathematics 
classroom culture, therefore, this study addresses the need for a clear distinction between 
attending to the social practices of the classroom and attending to students’ conceptual 
development within those social practices. 

Teacher Learning in a Community 

A preliminary but noticeable change in Ms. Y’s teaching practice channels our attention 
toward a collaborative community where groups of teachers are committed to raise questions on 
their current instmction, search for alternatives, try on new approaches, share with colleagues, 
and weigh their approaches against others’ pedagogical alternatives for the common purpose of 
improving their teaching practices. In fact, many recent studies of teachers’ attempts toward 
reformed mathematics teaching suggest the importance of an inquiry community that provides 
shared goals and collaboration (Cochran-Smith & Lytle, 1999; Fennema & Nelson, 1997). The 
message is that there may be a need to re-conceptualize aligning teaching to the reform, not 
primarily as an individual teachers’ isolated accomplishment, but as a community’s collaborative 
enterprise. 

The different influence of the community on the two teachers’ teaching practices (i.e., Ms. 
S and Ms. Y) makes us consider the benefits of participating in a supportive community. Some 
benefits may include teachers’ sense of a collective responsibility for students’ learning, shared 
resources, increased instmctional expertise, and reduced feelings of isolation. However, Ms. S 
case stimulates us to articulate the nature and the functioning of collaboration. The common 
culture that are nonjudgmental rather than critical of others’ teaching practices may provide 
psychological and social support for teachers such as Ms. S, but not necessarily professional or 
intellectual support that teachers need to transform their teaching practices. In working together 
in a supportive community for reform, participants need to establish new norms for discourse 
concerning their instructional changes, obstacles and dilemmas of change, as well as the more 
general nature of mathematics teaching and learning. While accepting the importance of 
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supportive communities for teachers, there is a need to explore the ways such communities 
provide teachers with opportunities to challenge their teaching practice, and to discover how 
participants perceive their collaboration with one another. 

Implications for Reform 

Changing the culture of the mathematics classroom is fundamentally about significant 
transition, and the transition is an active never-ending process. The extent to which significant 
change occurs depends a great deal on how the teacher comes to make sense of reform and 
respond to it. Detailed descriptions of the processes that constitute unequally successful 
student-centered pedagogy at the classroom level are intended for teachers to be empowered in 
developing alternatives or integrating different aspects of reform agenda with regard to their own 
diverse pedagogical motivations. 

This study shows how difficult it is to see fundamental instmctional changes in 
mathematics classrooms, even with teachers who are committed to implementing reform 
recommendations. Teachers tend to wait to be told the “right” way to teach mathematics and are 
eager to change their old teaching strategies in order to implement new ones that have been 
advocated in the current reform era. However, such a passive action does not guarantee that 
students are engaging in creative and reflective mathematical activities. Teachers are expected to 
use the social structure of the classrooms to nurture students’ development toward mathematical 
ways of thinking as well as their understanding of specific mathematical concepts and processes. 
This coordination requires new ways of thinking about the teach ing/leaming dynamic. 
Re-conceptualizing teaching and learning can pose great difficulty for teachers whose previous 
experience has been in implementing traditional teacher-centered instruction- even if the teachers 
are eager and willing to teach differently. But these challenges must be met by teachers and 
teacher educators if the reform intentions are ever to be realized. 

References 

Ball, D. L. (1993). With an eye on the mathematical horizon: Dilemmas of teaching 
elementary school mathematics. The Elementary SchoolJoumal, 93(4), 373-398. 

Beaton, A. E., Mullis, V.S., Martin, M. O., Gonzalez, E. J., Kelly, D. L , & Smith, T. A. 
(1996). Mathematics achievement in the middle school years: lEA’s third international 
mathematics and science study. Chestnut Hill, MA: Boston College. 

Bowers, J., Cobb, P., &, McClain, K. (1999). The evolution of mathematical practices: A 
case study. Cognition and Instruction, 77(1), 25-64. 

Burrill, G. (1997). The NCTM Standards: Eight years later. School Science and 
Mathematics, 97(6), 335-339. 

Carpenter, T. P., Franke, M. L., & Levi, L. (1998, April). Teachers' epistemological 
beliefs about their knowledge of children's mathematical thinking. Paper presented at the annual 
meeting of the American Educational Research Association, San Diego, CA. 

Cobb, P., & Bauersfeld, H. (Eds ). (1995). The emergence of mathematical meaning: 
Interaction in classroom cultures. Hillsdale, NJ. Lawrence Erlbaum Associates. 




10 



Cobb, P., Gravemeijer, K., Yackel, E., McClain, K., & Whitenack, J. (1997). 
Mathematizing and symbolizing: The emergence of chains of signification in one first-grade 
classroom. In D. Kirshner & J. Whitson (Eds), Situated cognition: Social, semiotic, and 
psychological perspectives. Mahwah, NJ: Lawrence Erlbaum Associates. 

Cobb, P., & Whitenack, J. (1996). A method for conducting longitudinal analysis of 
small groups. Educational Studies in Mathematics, 30, 213-228. 

Cobb, P., & Yackel, E. (1996). Constructivist, emergent, and sociocultural perspectives 
in the context of developmental research. Educational Psychologist, 3 1 (3/4), 175-1 90. 

Erickson, F. (1986). Qualitative methods in research on teaching. In M. C. Wittrock (Ed ), 
Handbook of research in teaching (3’^'* ed.). New York; Macmillan. 

Fennema, E., & Nelson, B. S. (Eds ). (1997). Mathematics teachers in transition. 
Mahwah, NJ: Lawrence Erlbaum Associates. 

Glaser, B. G, & Strauss, A. L. (1967). The discovery of grounded theory: Strategies for 
qualitative research. Chicago, EL: Aldine. 

Grow-Maienza, J., Hahn, D-D., & Joo, C-A. (1999, April). Mathematics instruction in 
Korean primary schools: A linguistic analysis of questioning. Paper presented at the Annual 
meeting of the American Educational Research Association, Montreal, Canada. 

Kirshner (2002). Untangling teachers' diverse aspirations for student learning: A 
crossdisciplinary strategy for relating psychological theory to pedagogical practice. Journal for 
Research in Mathematics Education, 33(1), 46-58. 

Knapp, M. S. (1997). Between systemic reforms and the mathematics and science 
classroom; The dynamics of innovation, implementation, and professional learning. Review of 
Educational Research, 67(2), 227-266. 

Lampert, M. (2001). Teaching problems and the problems of teaching. New Haven, CT; 
Yale University Press. 

Ministry of Education (1997). The 7*^ elementary school curriculum (In Korean). Seoul, 
Korea; the Author. 

Mullis, I. V.S., Martin, M.O., Beaton, A. E., Gonzalez, E. J., Kelly, D. L., & Smith, T. A. 
(2000). TIMSS 1999 international mathematics report. Boston, MA: Boston College. 

National Council of Teachers of Mathematics (1989). Curriculum and evaluation 
standards for school mathematics. Reston, VA: The Author. 

National Council of Teachers of Mathematics (1991). Professional standards. Reston, 
VA: The Author. 

National Council of Teachers of Mathematics (2000). Principles and standards for 
school mathematics. Reston, VA; The Author. 

Pang, J.S.(2000, April). Implementing student-centered instruction in Korean and the U.S. 
elementary mathematics classrooms. Paper presented at the Annual Meeting of the American 
Educational Research Association, New Orleans, LA. 

Pang, J.S. (2001, April). Challenges of reform: Utility of sociomathematical norms. Paper 
presented at the Annual Meeting of the American Educational Research Association. Seattle, 
WA. 

Patton, M. Q. (1990). Qualitative evaluation and research methods. Newbury, CA: 



SAGE 



Research Advisory Committee (1997). Clarifying the contributions of research with 
'HCTM-. Journal for Research in Mathematics Education, 28(4), 396-397. 

Stake, R. E. (1998). Case studies. In N. K. Denzin & Y. S. Lincoln (Eds.), Strategies of 
qualitative inquiry (pp. 86-109). Thousand Oaks, CA: SAGE. 

Stigler, J. W., Hiebert, J. (1998). The TIMSS videotape study. American Federation of 
Teachers, 7, 43-45. 

Strauss, A., 8c Corbin, J. (1998). Grounded theory methodology; An overview. In N. K. 
Denzin 8c Y. S. Lincoln (Eds.), Strategies of qualitative inquiry (pp. 158-183). Thousand Oaks, 
CA: Sage. 

Yackel, E., 8c Cobb, P. (1996). Sociomathematical norms, argumentation, and autonomy 
in mathematics. Journal for Research in Mathematics Education, 27(4), 458-477. 

Yin, R. K. (1994). Case study ressearch: Design and methods. Thousand Oaks, CA: 

SAGE. 




12 







U.S. Department of Education 

Office of Educational Research and Improvement (OERI) 
National Library of Education (NLE) 

Educational Resources Information Center (ERIC) 

REPRODUCTION RELEASE 

(Specific Dcxiument) 







I. DOCUMENT IDENTIFICATION: 



Title: U ndershxndm^^ -five ^uti-uhe 

dficinsoms (v\ most'-ir(yh 




Author(s): ^ STu k l\4 


Corporate Source: prefeiVt^d Oct 


Publication Date: 

A|>rri ^ 0 ^ 



II. REPRODUCTION RELEASE: 

In order to disseminate as widely as possible timely and significant materials of interest to the educational community, documents 
announced In the monthly abstract journal of the ERIC system. Resources in Educatbn (RIE), are usually made available to users In microfiche, 
reproduced paper copy, and electronic media, and sold through the ERIC Document Reproduction Service (EDRS). Credit Is given to the source 
of each document, and, if reproduction release is granted, one of the following notices is affixed to the document. 

If permission is granted to reproduce and disseminate the Identified document, please CHECK ONE of the following three options and sign 
at the bottom of the page. 



The sample sticker shown below will be 
affixed to all Level 1 documents 



The sample sticker shown below will be 
affixed to all Level 2A documents 



The sample sticker shown below will be 
affixed to all Level 2B documents 



PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL HAS 
BEEN GRANTED BY 




PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL IN 
MICROFICHE, AND IN ELECTRONIC MEDIA 
FOR ERIC COLLECTION SUBSCRIBERS ONLY, 
HAS BEEN GRANTED BY 




PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL IN 
MICROFICHE ONLY HAS BEEN GRANTED BY 


Ae 




Ae 




Aq 











dgntf 


TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 




TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 




TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 


1 




2A 




2B 



Level 1 Level 2A Level 2B 

tar □ □ 



Check here for Level 1 release, permitting 
reproductbn and dissemination in microfiche or 
other ERIC archival media (e.g., electronic) and 
paper copy. 



Check here for Level 2A release, permitting reproduction Check here for Level 2B release, permitting reproduction 

and dissemination in microfiche and in electronic media for and dissemination in microfiche only 

ERIC archival collection subscribers only 



Documents will be processed as indicated provided reproduction quality permits. 

If penmission to reproduce is granted, but no box is checked, documents will be processed at Level 1. 



/ hereby grant to the Educational Resources information Center (ERIC) nonexclusive permission to reproduce and disseminate this document 
as indicated above. Reproduction from the ERIC microfiche or electronic media by persons other than ERIC employees and its system 
contractors requires permission from the copyright holder. Exception is made for non-profit reproduction by libraries and other service agencies 
to satisfy information needs of educators in response to discrete inquiries. 




Printed Narne/PosKionmtle: . 

PAW6r / \^To(e((.cjr 


Oiganization/Address: ^ 

CKe6i\jmo'.\9un, S<?uiK 


Telephone: f 


FAX: — 


E'Mail Address: .. . 






III. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE): 

If permission to reproduce is not granted to ERIC, or, if you wish ERIC to cite the availability of the document from another source, 
please provide the following information regarding the availability of the document. (ERIC will not announce a document unless it is 
publicly available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are 
significantly more stringent for documents that cannot be made available through EDRS.) 

Publisher/Distributor: 

Address: of arccfi'gri 

Price: 



IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER: 

If the right to grant this reproduction release is held by someone other than the addressee,,.please provide the appropriate name and 
address: 




V. WHERE TO SEND THIS FORM: 



Send this form to the following ERIC Clearinghouse: 



However, if solicited by the ERIC Facility, or if making an unsolicited contribution to ERIC, return this form (and the document being 
contributed) to: 



ERIC Processing and Reference Facility 
4483-A Forbes Boulevard 
Lanham, Maryland 20706 



Telephone: 
Toll Free: 
FAX: 
e-mail: 
WWW: 



301-552-4200 

800-799-3742 

301-552-4700 

erlcfac@lneted.gov 

http://ericfacility.org 



EFF-088 (Rev. 2/2001) 



